Dielectric and ferroelectric properties of ( Na 0.8 K 0.2 ) 0.5 Bi 0.5 TiO 3 thin films prepared by metalorganic solution deposition
(BNT) ferroelectric thin films were fabricated on Pt/ Ti/ SiO 2 /Si͑100͒ substrates by chemical solution deposition. Structure evolution and ferroelectric and dielectric properties of the as-prepared thin films under a moderate temperature ͑600-750°C͒ annealing were studied in detail. The experimental results showed that the BNT thin films annealed at 700°C exhibit preferred ͑00l͒ orientation, and the remnant polarization ͑2P r ͒ and dielectric constant ͑ r ͒ are higher (the values of 2P r and r at 100 kHz are 54 C/cm 2 and 448, respectively) than those of the deposited films annealed at other temperatures. Additionally, the mechanism concerning the dependence of electrical properties of the BNT ferroelectric thin films on the annealing temperature was discussed. 12 (BNT) is considered as the most interesting ferroeletric material with potential application in NvFeRAMs. It is well known that the annealing temperature has great effect on the quality of the deposited films upon chemical solution deposition (CSD). However, few studies have involved the structural stability and ferroelectric and dielectric properties of the BNT thin films under a moderate temperature annealing. In order to clarify the effect of the annealing temperature on the structural stability and electrical properties of the BNT thin films, in this letter, the deposited BNT films by CSD were annealed at four temperatures of 600, 650, 700, and 750°C, respectively. Accordingly, we performed the structure evolution and ferroelectric and dielectric properties of the as-prepared BNT thin films under a moderate temperature ͑600-750°C͒ annealing.
The BNT thin films were fabricated on Pt/ Ti/ SiO 2 /Si͑100͒ substrate by CSD using a repeated coating/drying cycle. The precursor solution for coating was prepared by dissolving bismuth nitrate, neodymium nitrate, and titanium butoxide in proportion in glacial acetic at room temperature, with appropriate amount of acetylacetone added to stabilize the solution. 10% excess of bismuth nitrate was added to compensate for possible bismuth loss during the high temperature process. The final concentration of precursor solution was 0.1 M in BNT. The sel films were spincoated at 4000 rpm for 40 s, dried at 180°C for 5 min, and prefired at 400°C for 5 min to remove residual organic compounds. These processes were repeated eight times to achieve desired film thickness. The coated BNT films were annealed for 3 min in air by a rapid thermal annealing process at four temperatures of 600, 650, 700, and 750°C, respectively. Phase identification, crystalline orientation, and degree of crystallinity of the prepared films were studied by a D/max-rA x-ray diffractometer with Cu K␣ radiation using normal -2 scanning method. Scanning electron microscope (SEM) was used to determine the prepared film's thickness and the surface morphology. The thickness of the derived films is about 450 nm by a cross-sectional view of SEM. The derived thin films are specular, smooth, crackfree, uniform, dense, and adhered well on the substrates. For electrical measurements, the upper Pt electrodes were fabricated on the BNT thin films by dc sputtering. The ferroelectric and dielectric measurements were performed using a RT66A ferroelectric tester and a HP4194A impedance analyzer equipped with a micrometer probe station. Figure 1 shows the x-ray diffraction patterns for the asprepared BNT thin films annealed at 600, 650, 700, and 750°C, respectively. Although all the films have a single a)
Author to whom correspondence should be addressed; electronic mail: zhouyc@xtu.edu.cn phase of bismuth-layered perovskite structure, the intensities and widths of diffraction peaks, and crystalline orientations are obviously different. As shown in Fig. 1 , at a low annealing temperature of 600°C, the sample has the strong (117) orientation, but the diffraction peaks are low and broad, indicating poor crystallinity of the sample. However, with increasing annealing temperature, the diffraction peaks become sharp and strong. Moreover, compared with the (117) reflection, the intensity of ͑00l͒-type reflections rapidly increases with increasing annealing temperature, and the (0014) peak becomes the strongest one, when the BNT films were annealed at 700 and 750°C. Since Bi 4 Ti 3 O 12 (BT)-based ferroelectrics possess two polar axes along the a axis and c axis, respectively, 9 the physical properties will be sensitively influenced in the oriented films, 10 which will be discussed later. Figure 2 displays the polarization-electric field hysteresis curves of the prepared BNT film annealed at temperatures in the range of 600-750°C. Under the condition of 353 kV/ cm electric field, the 2P r values of the prepared films annealed at 600, 650, 700, and 750°C are 28, 34, 54, and 43 C/cm 2 , respectively. Clearly, the 2P r increases with increasing of the annealing temperature, when the annealing temperature is lower than 700°C. Then, the 2P r decreases with increasing annealing temperature when the annealing temperature attained above 700°C. A similar correlation between dielectric constant ͑ r ͒ and annealing temperature has been displayed in Fig. 3 . There are no sudden changes of r in the frequency range up to 1 MHz, even though r decreases with the applied frequency increase for every sample listed in Fig. 3 . Distinctly, the r increases with increasing annealing temperature when the annealing temperature is below 700°C at first, and then decreases with increasing annealing temperatures when the annealing temperature is above 700°C. Therefore, these results were consistent with those of ferroelectric properties of the prepared samples annealed at various temperatures. Under the condition of 100 kHz measurement frequency, the values of r of the prepared BNT films annealed at 600, 650, 700, and 750°C are 361, 403, 448, and 439, respectively. Figure 4 summarizes the changes of 2P r and r of the BNT films under various annealing temperatures. When the annealing temperature is 700°C, the prepared BNT thin film has the largest 2P r (54 C/cm 2 at 353 kV/ cm) and r (448 at 100 kHz), which are comparable with those of conventional Pb-based ferroelectric films. [11] [12] [13] As shown in Fig. 4 , both 2P r and r values increase rather steeply with increasing annealing temperature that is below 700°C, and then decreases with increasing annealing temperature above 700°C. These behaviors could be explained as follows. First, the increase of 2P r and r values with the increase of annealing temperatures is corresponding to the improvement of c-axis orientation of the samples, which is evidenced in Fig. 1 . This experimental result is consistent with that of the study of Chon et al. 6 They reported that the highly c-axis-orientation films of Ndsubstituted Bi 4 hand, it may result from the improvement of the BNT thin films' crystallinity with increasing annealing temperature, which is discussed in the analysis of XRD patterns of the prepared BNT thin films. However, it is noticed that when the annealing temperature reaches 700°C, the 2P r and r decrease with further increase of the annealing temperatures. This may be due to the fact that the evaporation of Bi from the sample's surface and the diffusion of Bi into the bottom electrode are more serious when the BNT thin films are annealed at the temperature above 700°C. Thus, the insufficient Bi supply results in many nonstoichiometric structural defects in the prepared BNT thin films. These structural defects degrade the electrical property of the corresponding BNT thin films. 14 In conclusion, polycrystalline bismuth-layered perovskite BNT ferroelectric thin films were fabricated on Pt/ Ti/ SiO 2 /Si͑100͒ substrates by CSD under various annealing temperatures. Owing to the change of crystalline orientations from a axis into c axis and the improvement of crystallinity of the prepared BNT thin films with increasing annealing temperature, both 2P r and r values of the samples increase rather steeply with the annealing temperature, when the annealing temperature is below 700°C. However, the values of 2P r and r begin to decrease with further increasing annealing temperature when the annealing temperature is above 700°C, due to the insufficient Bi supply, which results in nonstoichiometric structural defects in the BNT thin films. 
